As always, we thank those who kept the Helgoland Roads Time series alive over the past 45 25 years. We acknowledge the exemplary service of the research vessel crews on the 'Aade' and 26 'Ellenbogen' for their unfailing provision of samples, even under the most adverse of weather 27 conditions. We thank the data contributors for the gridded instrumental data sets. Karen which is associated with clearer, more marine water, and warmer conditions. The bloom is 46 later when a more continental atmospheric flow from the east is detected. We find that the 47 mean diatom bloom can be predicted from the sea level pressure one to three months in 48 advance. Using historical pressure data, we derive a proxy for the timing of the spring bloom 49 over the last centuries, showing an increased number of late (proxy-)blooms during the 18 th 50 century when the climate was considerably colder than today. We argue that these variations 51 are important for the interpretation of inter-annual to centennial variations in the biological 52 processes, as well as past and future effects on the primary production and food webs. 53 54 4 Introduction 55
Here, we explore and describe the nature and drivers of environmental and biotic evolution, 79 using phytoplankton data from the same location. The data set is one of the longest aquatic 80 data sets in history, the Helgoland Roads time series (Wiltshire and Manley 2004 , Wiltshire et 81 al. 2008 , 2010 . Specifically, the time evolution of the blooming of diatoms and its relation 82 with the atmospheric circulation are considered by using field correlation maps which is often 83 also used for interpreting dynamical links to large-scale climate circulation (e.g., Rimbu et al., 84
2001; Lohmann et al., 2004) . The link of the large-scale variability patterns with long-term 85 environmental data goes beyond the standard time series analysis. We will show that high 86 diatom counts in the spring bloom tend to occur later when the atmospheric circulation is 87 characterized by a winter blocking over Scandinavia. Due to large-scale teleconnections in the atmosphere, the MDD-sea level pressure relation is 158 opposite over the Azores and east of Florida (Fig. 2) . 159
160
In order to get an idea about the meteorological situation we select the years 1974 and 1996 as 161 examples for an early and late MDD. We furthermore find a consistent pattern with surface temperature (Fig. 6) 
lags (not shown). We note that the January surface temperature can explain less than 25% of 187 the variance whereas the SLP index explains about 50% of the variance. We detect a positive 188 temperature relation over northern Africa and eastern Canada which stems from the SLP 189 teleconnection pattern (Fig. 2) . We find that the link between MDD and climate (SLP and years in the MDD (not shown). Furthermore, the secchi depth is displayed (Fig. 7c) . Here, we show that timing of the spring bloom of diatoms is related to the boreal winter large-219 scale atmospheric circulation characterized by a pressure dipole between Scandinavia and 220 west of the Iberian peninsula. From our analysis we detect that the MDD of the spring bloom 221 is delayed when the North Sea is under the influence of more continental climate and less 222 zonal flow associated with a high-pressure centre over Norway (Fig. 2) . From our pattern 223 analysis, one can infer directions for the mechanism of interannual variations in MDD. We 224 find that the MDD of the spring bloom was shifted to lower values (earlier in the year) when 225 the atmospheric circulation was characterized by a pronounced low pressure over Norway. A 226 pronounced high pressure on the other hand leads to a delay of the spring bloom. Along with 227 such atmospheric circulation, the temperatures in Denmark (and to a weaker degree on 228 Helgoland) are lowered. The MDD pattern (Fig. 2) is different from the response of the local 229 SST to the atmospheric circulation which instead would have showed an NAO pattern with a 230 zonal wind structure (Hurrel and von Loon, 1997). These differences in atmospheric 231 circulation indicate that temperature is not the sole driving mechanism (also found via a 232 correlation analysis with local temperature which is higher over land than over sea, Fig. 5) . Our finding that the timing of the spring bloom is related to atmospheric forcing is also 265 consistent with model studies showing that interannual variability has local effects on the 266 primary production due to changes in light conditions, wind mixing, and the long-range 267 transport of nutrients (Skogen and Moll, 2000) . In their model, the interannual variability of 268 the mean North Sea primary production due to the wind forcing is 15 to 25%, whereas the 269 total effects of the river were estimated to be less than 10% of the total production. We argue 270 that the atmospheric circulation is important for the interpretation of inter-annual to centennial 271 variations in the biological processes as well as for high-resolution proxy data from this area 272 (Hebbeln et al., 2003) . In a further study, we will evaluate the occurrence of different algal 273 species related to early and late spring blooms. Compo, G. P., Whitaker, J. S., Sardeshmukh, P. D., Matsui, N., Allan, R. J., Yin, X., Gleason, 309
B. E., Vose, R. S., Rutledge, G., Bessemoulin, P., Brönnimann, S., Brunet, M., Crouthamel, 310 R. I., Grant, A. N., Groisman, P. Y., Jones, P. D., Kruk, M., Kruger, A. C., Marshall, G. related to some years prior to 1850 (cf. Fig. 3b) . 448 503  504  505  506  507  508  509  510  511  512  513  514  515  516  517  518  519  520  521  522  523  524  525  526  527  528   26   529  530  531  532  533  534  535  Fig. 7c  536   537 
